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(71) We, CESKOSLOVENSKA 
AKADEMIE VED 3 a Czechoslovakian 
corporation of No. 3 Narodni, Praha 1, 
Czechoslovakia do hereby declare the inven- 
tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

This invention relates to a method for 
modifying the surfaces of articles formed 
from polymers containing free hyd roxyl 
groups. More particularly, this invention re- 
lates to a method for modifying the surfaces of 
articles formed from an at least slightly cross- 
linked polymer or copolymer of hydroxyethyl 
methacrylate so as to increase the hydro- 
philic nature thereof and to the articles there- 
by obtained. 

Hydrophilic polymers of the type contain- 
ing hydroxyl groups either in the main or 
side rhains thereof have assumed consider- 
able practical importance, particularly in the 
cases where their tendency to undergo swell- 
ing in water has been reduced due to the 
effect of the carbon chains in the molecule to 
the point still permitting the realization of 
the desired mechanical properties. This tech- 
nique for reducing swelling in water has 
been advantageously utilized for example, in 
connection with at least slightly cross-linked 
polymers of hydroxyethyl methacrylate. Such 
polymers even when only slightly cross-linked 
do not swell on exposure to water above 
about 45 volume per cent in water. 

For various applications of the aforesaid 
type of polymers, as for instance in their 
use as biomedical materials, an improvement 
in their interaction with the surrounding liv- 
ing tissue would be realized if their hydro- 
philic character could be increased without 
any resultant detriment to their mechanical 
■properties. This state can be obtained, hcreto- 
for only by the application of a surface layer 
of highly hydrophilic material onto the under- 
lying polymeric stmcture, both the base and 
surface layers being adapted as nearly as pos- 
sible to the single prupose of the required 



interaction with- the medium in which the 
article is to be maintained. Thus, the base is 
required to be relatively low-swelling and thus 
of a mechanically tough material and the 
covering layer of a less tough, more readily 
swellable material. However, in order to avoid 
any unfavourable mechanical properties due 
to such covering layers, the same have had 
to be very thin and of course, provision has 
to be made so that they adhere perfectly to 
the base. 

The experiments which have been carried 
out up until this time in this connection 
have involved the application of the highly 
hydrophilic layers to the base materials by 
means of soluble linear polymers and par- 
ticularly by means of solutions of linear, non- 
cross-linked, hydroxyethyl methacrylate poly- 
mers. However, the adhesion of the films 
prepared in this manner has proved to be 
very unsatisfactory. Proposals in which it has 
been suggested to chemically graft the hydro- 
philic polymers onto free radicals created 
chemically or by radiation on the surface 
of the polymer article have proved somewhat 
more acceptable. However, this latter pro- 
cedure has not been consistently successful 
and then only when considerable effort and 
expense have been involved in that it is almost 
impossible to prepare the thin layer of linear 
polymer and also the structure of the base is 
damaged with the grafting due to the penetra- 
tion by the new chains through it in the 
polymerization of the strongly hydrophilic 
monomer so that the subsequent swelling does 
not only occur at the surface but to a consider- 
able extent into the interior. 

In accordance with the invention it has 
now been found that substantially hydro- 
philic layers can be formed at the surface of 
less hydrophilic at least slightly cross-linked 
polymers and copolymers of hydroxyethyl 
methacryiate, not by the application of an 
additional layer, but by a chemical conversion 
of the surface of the base polymer effected 
only to a relatively small depth. 
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Wd from an at leaS SST^rtSu Sf L&^-^K * e ^S 

Polymer or copolymer of hvdroLe^n^h f g ^ initially contain 

aoylate, which memod 1 cSpSTbiS n^effi^l me alcoholk 

at least a portion of the surfacTtf parUcuIai *y b £ cstenfying such alcohclc 

article to the action of ?£SS£ ™%™ "if 01 ** 0 * 

phorylanon agent P by ^^^g the alcohol groups to hydrogen 

Thus in accordance with the invention, it JffnlT^ WUch Can J . tfaen te n ««rauled 

has been found that the fonnation or B»* ^o^nKft^ 0r — 

}-OH -> }-O_S0 3 H -> }-0-S0 3 -Na- 
}-OH -» J-O-POtOH), -> }-0-P0 2 (OH)-Na* 
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The stability of the primary esters of sul- 
func or phosphoric acid is entirely adequate 
25 even for long term application L aqueous 
medium, except in the case of the presence 
of mineral aads (for instance 1 N HO) where 

2S ^ ^ P^phoric S 

are rapidly split off. r 

30 The above set out substitution i.e. addition 
reaction can be carried out with any con- 
ventional agent used for direct or indirect 
sulfonahon or phosphorylation of alcohol 
groups. The agents which have proved esped- 
35 aUy swfable mdude those having a rate of 
chemical conversion which is high in relation 
to the rate of their diffusion into the surface 
In such cases, very thin and highly chemic- 
ally converted surface layers are obtained with 
40 only a short exposure of the surface to the 
action of the agent. Suitable sulfonation 
agents include 60-100% sulphuric acid, 
rurmng sulphuric acid, gaseous sulphur tri- 
oxide alone or mixed with a dry inert gas 
45 or gaseous sulphur trioxide dissolved in an 
organic solvent such as tetrachloro methane 
or drawn. Also suitable are chlor-sulphuric 
aEdfluoro-sulphuric acids. Use of sulphur tri- 

™ ^ fr"^ hi the formation of a super- 
50 hydrophOie layer having a thickness of only 
1 micron and surprisingly producing a change 
in the surface properties of the poly (hydroxy- 
ethyl methaoylate) hydrophflic gel, without 
in any way changing its mechanical properties 
55 or damaging the microscopic structure of the 
surface m any way. 

Suitable phosphorylation agents include 
poJyphosphonc acid, (especially when pre- 
pared from orthophosphoric add and nhos- 
60 phorus pentoxide) and pfaosphoryl trichloride 
The process of the invention may be em- 
ployed advantageously, for example in the 
supe Aydrophihzation of soft hydrophilic con- 
tact lenses This treatment results in there 
65 bang obtained a superior sliding it, move- 
ment of the lens along the cornea. This move- 
ment favorably influences the tolerance and 
non-imtaMity of the lens. The considerable 
softness of the supemydrophflic layer is also 
70 advantageous in this connection. 
. If the agent which is selected for use, acts 



to swell the material of the base, as for in- 
stance, concentrated sulfuric act or fluoS- 

aS"™/^' T™"* <* °rtho P hospW 
acid and phosphorus pentoxide or dfoxane 75 

formed, for example, anoounting to seve«i 
tenths of a miflimelr in tbiSLst tE£ 
**newhat thicker layers are suitable for oSet 
specific applications because of the continuous 80 
tianauon from the maximally hydYophS 
surface layer to the unchanged oriS 
rnatenal A substantially perfect adhSIs 
m . manner, since the SSnal 
stresses ansmg at the transition ber«L£ s<; 
layers of different swelling^S a^ST 85 
tobuted uniformly throu^ouHe ent 
volume of the modified layer. 

The layers as realized in accordance with 
themvennondffierexr^yfromaSS 90 

4, "?t- pi ? 0 ? lun L accordin S to the invention 95 
^ particularly adapted for use in the cS 
where improved sliding of the articles 
required, i.e., reduced friction as for instLce 
m contact lenses, catheters, surgical ^turS 

tissue or mucous membrane has to be Dre- 

s e ic p ^ ^ pr0tecda S ^ s 

oW^LI^^ with the sulphonation or 
Phosphorylation agent, the surface to be 105 
treated may be previously impregnated I wift 
a compound containing a tertiarVS TgroJp 
in particular pyridine. P ' 

tJ^JS— g ^Pte are further fllus- 
2S*£ rfS — ^ « wJU be under- 110 
stood that the invention is not limited thereto 



EXAMPLE 1 
A contaa lens was manufactured bv tK^ 
conventional mechanical machSgTf a bhm£ 
formed by z material comprising f coroWr ik 

weight of butyl methacrvlate. 87 7 rZZ uT 

weight of hA^jtS&SiJS a 

parts by weight of eftyl dhSSi % Q l 
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louring final polishing to provide the desired WHAT WE CLAIM IS : 

optical quality and precise form of the edges, 1. Method for the surface treatment of 60 

the central portion of the convex area of articles formed from an at least slightly cross- 

the lens was covered with paraffin in such a linked polymer or copolymer of hydroxyethyl 

5 manner, that a border having a width of 1 methacrylate, which method comprises sub- 

mm remained uncovered. The lens was then jeering at least a portion of the surface of such 

attached by its paraffin covered central por- an article to the action of a sulfonation or 65 

tion to a glass rod and, by means of this rod, phosphorylation agent 

immersed for 45 seconds into a vessel whose 2. Method according to claim 1 wherein 

10 atmosphere was in equilibrium with fuming the sulfonation agent is 60 — 100% sulfuric 

sulphuric acid containing 60% of sulphur tri- acid. 

oxide. After this exposure, the lens was rinsed 3. Method according to claim 1 wherein 70 

with water, freed erf the paraffin by treatment the sulfonation agent is fuming sulfuric acid, 

with toluene^ and equilibrated in a 1% sdu- 4. Method according to rlaim 1 wherein 

15 tion of sodium bicarbonate. It could then be the sulfonation agent is gaseous sulfur tri- 

inserted and used as any other convention- oxide. 

ally available contact lenses but it has the 5. Method according to claim 4 wherein 75 

advantage of substantially friction and other the sulfonation agent is gaseous sulfur tri- 

interruption free movement of the lens area oxide admixed with a dry inert gas. 

20 coming into contact with the cornea of the 6. Method according to claim 4 wherein 

eye. The surface of the front portion of the the sulfonation agent is gaseous sulfur tri- 

lens is deliberately not subjected to sulfona- oxide dissolved in an organic solvent 80 

tion, as an improvement in its sliding move- 7. Method according to claim 6 wherein 

ment would make removal of the lens more said solvent is tetrachloromethane or dioxan. 

25 difficult 8. Method according to claim 1 wherein 

said sulfonation agent is chlorosulfuric or 

Example 2 fiuorosulfuric add. 85 

The catheter tube was manufactured by a 9. Method according to claim 1 wherein 

known m centrifugal casting method from said phosphorylation agent is polyphosphoric 

slightly crosslinked poly(hydroxyethyl meth- acid. 

30 acrylate). The catheter was coated in a dry 10. Method according to Haim 9 wherein 
state on its external surface with a syrupy said polyphosphoric acid is prepared from 90 
mixture of polyphosphoric acid, which had orthophosphoric acid and phosphorus pent- 
been prepared from 3 — 5 parts of phos- oxide. 

phoras pentoxide and 1—2 parts of 11. Method according to claim 1 wherein 

35 orthophosphoric acid. The thereby coated said phosphorylation agent is phosphoryl tri- 

catheter was then immersed into a bath chloride. 95 

of boiling hexane for 3 minutes. The 12. Method according to claim 11 wherein 

catheter was thereafter rinsed with water, and the surface of said article has previously been 

stored in physiological saline solution diluted impregnated with a compound containing a 

40 with half its volume of 1% aqueous bicarbon- tertiary amine group. 

ate. The catheter can be used directly follow- 13. Method according to claim 12 wherein 100 

ing the sterilization thereof. the surface of said article has previously been 

impregnated with pyridine, 

EXAMPLE 3 14. An article having at least a portion of 

The exterior of a ship was coated accord- its surface made more hydrophilic than the 

45 ing to known methods using a poly(hydroxy- underiying base portion thereof, produced by 105 

ethyl methacrylate) varnish. The coating was the process of claim 1. 

then cured with potassium dichromate dis- 15. Method of surface treating articles made 

solved in varnish. Thereafter the coating was of polymers as claimed in claim 1 and sub- 

sulfonated at its surface by moving a vessel stantially as described in any one of the 

50 supplied with circulating dry air saturated with examples herein disclosed. 110 
a mixture of sulfur trioxide vapors corres- 
ponding to warm (30°C) fuming sulfuric acid 

and 60% free SO a over the coated area. The For the Applicants: 

exposure of the coating to the vapors amounted MATTHEWS, HADDAN & CO., 

55 to an average of 30 to 60 seconds. As a result Chartered Patent Agents, ' 

the hydrodynamic frictional resistance of the 33 Elmfield Road, 

ship was decreased especially after strong Bromley Kent BR1 1SU. 
swelling of the surface layer. 
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